Introduction
In a growing number of countries, a demographic transition is occurring. As children survive the dangers of childhood illnesses and move into the second decade of their lives, there is a bulge in the adolescent band of the population pyramid. [1] The current cohort of young people worldwide is the largest it has ever been. In 2010, the International Year of Youth, there were 1822 million young people 10-24 years of age -representing one quarter of the world's population. [2] Four out of five young people live in less developed countries, and represent up to one third of those countries' populations. The health of young people has been largely neglected in global public health because this age group is perceived as healthy. [3] However, every year, 2.6 million young people die. Most of these deaths are preventable. Some 97% of these deaths occur in low-and middle-income countries. [4] Over the past 50 years, mortality rates in all age groups have declined. However, mortality among young people has decreased less than in other age groups, overtaking childhood mortality in some highincome countries. Moreover, morbidity accounts for a greater proportion of burden of disease in this age group than mortality. [4] [5] .
In order to achieve Millennium Development Goals (MDGs) 4 (reduce child mortality), 5 (improve maternal health) and 6 (combat HIV/AIDS, malaria and other diseases), it is essential to address adolescents' health. While different sectors need to work together, one of the roles of the health sector is to expand the coverage and improve the quality of health services for adolescents (especially those who are more likely to face health and social problems) in order to achieve clearly defined health outcomes. [6] [7] The scaling-up of services requires adequate and reliable funding and long-term prediction of needed financial resources is critical to assure progress towards universal access. [8] While several 'global price tags' have been published on the costs to reach the MDGs, [8] [9] [10] [11] none to date has explicitly examined the resources required to scale up health services to adolescents in low income countries based on bottom-up country by country costing. The objective of the cost analysis described here, was to estimate the additional resources required to scale up health service interventions with the objective to reduce mortality and morbidity among individuals aged 10 to 19 years in 74 low-and middleincome countries. The results are indicative estimates of the additional investments required to scale up health service delivery above estimated current levels of coverage and quality of care. To our knowledge no study to date has looked at how much countries are currently spending on adolescent. Costs are calculated by country and year, from 2011 to 2015, in order to obtain an aggregated ''global price tag'' of the incremental financial resources necessary.
Methods
The following section summarizes the methods used for the cost estimation. For further details on underlying assumptions and measures of the model, see the technical report. [12] .
The development of a price tag required the selection of countries and priority interventions, estimation of the population in need of each intervention, and of current and target coverage of interventions, specification of country specific investments associated with the delivery of interventions, and their estimated prices.
Countries Included in the Costing
Countries included were those defined as having a high disease burden for maternal, child and reproductive health, as included in the ''Countdown to 2015 -Maternal, newborn and child Survival'' (68 countries) and/or low income countries as defined by the UN Secretary General's list of least developed countries in 2009 (49 countries), resulting in a total of 74 countries. [13] [14] (South Sudan is also a high burden country but since data is scarce, South Sudan was not included in the analysis.) These are countries with high rates of HIV prevalence, which in addition to maternal mortality, are key risk factors and outcomes which the selected interventions target. The 74 countries included have a total adolescent population aged 10-19 years, of approximately 954 million in year 2015. The list of countries included and selected country-specific characteristics is provided in Table 1 .
Health Care Interventions Included in the Costing
A standard set of effective priority interventions were chosen based on expert opinion of WHO staff in combination with WHO guidelines on interventions and strategies to address the major causes of burden of disease among adolescents in these countries, with a focus on reproductive health. [15] [16] [17] Interventions were classified into four packages including a preventive essential package, a preventive expanded package, a curative essential package and a curative expanded package. The essential packages contain those interventions considered to be of potential necessity to a larger number of adolescents than the expanded packages. Identified interventions were assumed to be implemented in all 74 countries with adjustments made for different epidemiological circumstances.
Interventions were assumed to be delivered at three delivery points including hospital care, health facility care and the community (by a health worker or peers). The service delivery distribution of interventions across delivery points was assumed to remain constant during the scale-up period.
Activities carried out in other sectors that may contribute to improved adolescent health are not included in the analysis, such Global average of all 74 countries was applied. doi:10.1371/journal.pone.0051420.t001 Table 2 . Health service interventions to improve adolescent health and their population in need, coverage and points of delivery as estimated in model. as nutrition interventions, access to education, or structural interventions such as changes in laws and policies.
Population in Need
The age group of the analysis is adolescents aged 10-19 years (where applicable, further categorized into 10-14 and 15-19 years, and by sex). The population in need was identified per intervention and estimated based on population size (UN Populations Division's 2008 Revision projections) and incidence or prevalence of a condition.
Data on incidence or prevalence of a condition or risk was based on various data sources. [18] [19] [20] [21] [22] [23] [24] [25] When country-specific data was available, this was used. For example country-specific HIV prevalence [20] was applied whereas regional incidence data for STIs as per WHO regions [19] was used to determine the population in need for STI management.
The impact of scaling-up interventions on rate of disease occurrence was not accounted for and the model assumes that epidemiological risk will remain constant until 2015. The estimated need for health services is therefore only affected by population growth in the model.
A list of interventions, delivery points and population in need is provided in Table 2 .
Estimating Current Coverage Levels
Coverage was defined as the proportion of adolescents receiving the interventions from those in need. The target for scale-up was set at 95% -as per other 'universal coverage' targets that have been costed, [26] -except for opioid substitution therapy, which was set at 50% in accordance with WHO guidelines. [27] Country specific current coverage levels were estimated using a variety of data sources. [25, [28] [29] For most interventions, this entailed using data from Demographic and Health Survey (DHS), most recent year from 2000 or later. For countries for which there was no coverage data available, regional averages were applied (population weighted when possible). For interventions for which no DHS or other data was available, experts within WHO and UNAIDS were consulted.
The incremental scale-up of coverage required was estimated using the target of universal access (95%) minus the current coverage levels per country and intervention. We also ran the models with 0% starting coverage so as to obtain an estimate for resources required to scale-up from 0 to 95%. Subtracting the difference allowed us to estimate what resources may currently be spent on adolescent health.
Programme Activities for Adolescent-friendly Health Services
Programme activity costs are expenses incurred at the levels of facility, district or national level, [30] and here refer to improving the management and quality of care provided to adolescents. Programme activities were identified based on the implementation of an approach which seeks to advance the adoption of characteristics related to the dimensions of WHO quality of care. [31] [32] [33] To be considered adolescent-friendly, services should be equitable, accessible, acceptable, appropriate and effective. Based on these five broad dimensions of quality, 20 characteristics were used to identify and define programme activities required to improve service delivery (table 3) . Programme activities were classified into programme management, training, supervision, information, education and communication (IEC), infrastructure and equipment. Costing the Scale-up
Costs are classified as intervention costs or programme activity costs (Table 4) . Intervention costs refer to direct costs of delivering services to the patient and include drugs, laboratory tests, medical supplies and service delivery costs such as consultation time based on guidelines and recommendation of health care delivery. [18, 20, [34] [35] [36] [37] [38] [39] .
For programme costs, the quantities of investments were determined based on the WHO Quality of Care model and discussions with the WHO staff. Details of programme activities as well as underlying assumptions of interventions are provided in the technical report. [12] .
Three different kinds of models were used. To estimate costs for the majority of the interventions, a new costing model was created containing assumptions for all interventions on coverage rates, population in need, and ingredients of health care. For maternity care, an existing model was used with adaptation to adolescent population data and updated prices. [40] Note that 6 of the 74 countries were not included in this model and therefore costs for maternity care have not been included for the following countries: Botswana, Democratic People's Republic of Korea, Sao Tome and Principe, Solomon Islands, Turkmenistan, and Uzbekistan. For programme costs, a new costing model was created containing assumptions for components of programme activities. Somalia was excluded from the programme activity costing due to lack of country-specific data.
The models use a standardized ingredients approach (cost = -quantity x price) to generate country specific cost estimates. [41] Costs are estimated for each country as the number of cases multiplied by the cost per case. The number of cases was based on epidemiological and demographic data and coverage rates. Cost per case is based on intervention component quantities times the unit price of components, using country-specific prices when available. The scale-up trajectory to 2015 is assumed to be linear for all countries.
Prices (in US dollars) of programme activity inputs such as per diem rates, travel costs, room rentals, and mass media distribution costs were taken from the WHO-CHOICE database. [42] Prices of drugs, laboratory tests and medical supplies were based on median prices reported by Management Sciences for Health's International drug price guide. [43] Costs for service delivery (inpatient days, outpatient visits) were based on unit costs derived from WHO-CHOICE database. [42] .
Costs are presented in US dollars (2008), and estimated by cost category, country and year. 
Accessible 4
Policies and procedures are in place that ensure that health services are either free or affordable to adolescents.
5
The point of health service delivery has convenient hours of operation.
6
Adolescents are well-informed about the range of available reproductive health services and how to obtain them 7 Community members understand the benefits that adolescents will gain by obtaining the health services they need, and support their provision.
8
HF Some health services and health-related commodities are provided to adolescents in the community by selected community members, outreach workers and adolescents themselves.
Acceptable 9
Policies and procedures are in place that guarantee client confidentiality.
10
The point of health service delivery ensures privacy.
11
Health-care providers are non-judgmental, considerate, and easy to relate to.
12
The point of health service delivery ensures consultations occur in a short waiting time, with or without an appointment, and (where necessary) swift referral.
13
The point of health service delivery has an appealing and clean environment.
14 The point of health service delivery provides information and education through a variety of channels.
15
Adolescents are actively involved in designing, assessing and providing health services.
Appropriate 16
The required package of health care is provided to fulfill the needs of all adolescents either at the point of health service delivery or through referral linkages.
Effective 17
Health-care providers have the required competencies to work with adolescents and to provide them with the required health services.
18
Health-care providers use evidence-based protocols and guidelines to provide health services.
19
Health-care providers are able to dedicate sufficient time to work effectively with their adolescent clients
20
The point of health service delivery has the required equipment, supplies, and basic services necessary to deliver the required health services.
Source: From reference [32] WHO (2009) Quality assessment guidebook -a guide to assessing health services for adolescents. doi:10.1371/journal.pone.0051420.t003
Results
The cost estimates indicate the additional financial resources needed to scale up health service interventions to adolescents towards universal coverage levels. Figure 2 shows the breakdown of costs for each set of interventions per year. The greatest share of the cost is generated by scaling-up programme activities (38.69%), contraceptive services (33.01%), maternity care (10.04%) and HIV care and treatment (7.74%). The cost for STI management, HIV testing and counseling (HTC), abortion care, harm reduction and injury care is smaller, mainly due to regional differences in disease epidemiology (HTC) and legality (abortion and harm reduction).
Initially, the majority of additional investments would be for implementing programme activities: US$ 1.32 billion out of the 1.72 billion in year 2011. By 2015, the cost of direct service delivery and commodities constitute the main cost, US$ 2.64 billion of the US$ 3.83. During the 5 years, 23.12% of all additional costs are accounted for by medicines and commodities. Service delivery costs and commodity costs increase more over time than programme costs due to increased coverage and populations while programme activity costs are modeled to successively increase over time i.e. similar numbers of health workers are projected to be trained by year, and only the IEC component of programme activity costs is dependent on population size.
Costs associated with the programme activities are important expenditures to improve quality [44] that is necessary to address barriers adolescents face in accessing health services. Costs were estimated at US$ 5.96 billion, remaining relatively constant at 1.19 billion per year. This corresponds to US$ 1.26 per adolescent and year. Figure 3 shows the breakdown of costs by intervention. The largest cost category is programme activities, of which IEC is the largest cost, accounting for 24.48%. Contraceptive services and maternity care are the most costly interventions, accounting for 33.02% and 10.04% of total costs, respectively, followed by HIV care and treatment (7.74%). The population in need for contraceptive services and maternity care is proportionately larger than for the other interventions while HIV care and treatment generates high commodity costs. Other interventions represent 3.55% or less of the total estimated cost. In the 35 low income countries with 19% of the population in need and currently spending on average (population weighted) 23.80 per capita [45] on total health expenditure, 2.94 billion would be needed. In the 39 middle income countries with 81% of the population and with current average total health spending of 136.76 per capita, [45] 12.47 billion would be needed until 2015.
Discussion
This study provides, for the first time, the estimated resource requirements of scaling-up the coverage and quality of health service delivery to adolescents in high burden countries. Results indicate a global additional cost of approximately US$ 15.41 billion or 3.08 billion per year on average. Running the model from 0% coverage indicates that current spending on the key set of adolescent services approximates US$ 1.49 billion per year on average, which means the additional investment would require a three-fold increase. In comparison with total health expenditure (THE) per capita, the additional need is less substantial -the estimated AFHS-related costs in 2015 would be equivalent to 0.72% increase above current (2009) THE. [45] The greatest investment need is in the African region, but also in the Western Pacific and South East Asian regions, and concern contraceptive services, maternity care and HIV treatment and care. These estimates are indicative, as context-specific factors would influence the expansion of services at country level.
This paper does not consider financing scenarios. However, it should be noted that in the short run the public sector may not be able to bear the full costs for expanding coverage and there may be need for investment from private sector actors as well as investments by external donors where appropriate. Two important points can be made however. First, in view of recent findings that Official Development Assistance for Family Planning is decreasing [46] our finding that contraceptive services represent 33% of the additional costs underlines the need to raise new resources to support this important area. This was further emphasised at the recent Family Planning Summit, where pledges of $4.6 billion were made for improving delivery of family planning services from 2013-2020. Our estimate is higher ($5.1 billion 2011-2015), but includes a more extensive definition of contraceptive services, scaled up to achieve universal coverage. Second, the fact that AFHS programme activities constitute 39% of costs highlights the need for countries to invest in quality improvement for health services for adolescents, an area which few countries are investing in. Recent efforts by countries [47] to explicitly include adolescent health in their national strategic health plans demonstrate important progress however. [48] .
Limitations
Cost estimates aim at reflecting WHO's recommended clinical guidelines, protocols and quality framework to the largest extent possible. However, assumptions have been applied to enable estimates of the nature and extent of health conditions and current coverage.
The impact on disease epidemiology of scaling-up was not accounted for in the estimation of costs. Ideally, improved health services would influence health care need and the changing need over time would be included. However, considering the five year time horizon, it is acceptable to assume limited effect on population epidemiology.
The feasibility of scale-up largely depends on the country specific health care context. The different health sector characteristics and capacities of specific countries were not considered in this exercise. Consequently, programme activities and interventions were assumed to be implemented in all countries, but with consideration of legal restrictions.
The analysis took a provider perspective and does not account for opportunity or time costs for patients, or other implications related to the demand side of a health care analysis.
Estimated costs are dependent on the size of the population in need, current coverage levels and unit prices of service delivery, all of which are based on data from the United Nations Population Division, WHO databases, DHS and WHO expert opinion, and are further described in the technical report. [12] The estimations are largely based on country-specific data but are complemented with regional as well as global estimates when needed.
All three models used the same bottom-up and ingredientsbased approaches and hence, coherence of the models was determined to be acceptable.
In summary, scaling up quality health service delivery to adolescents would require less than 1% increase in average total health expenditure but could have enormous benefits to address the 5.6 million DALYs among males and females adolescents in Africa. [3] The emphasis needs to be on quality of care (technical and user friendliness) for the provision of effective interventions. An important step at country level will be national strategic plans that take into account adolescent health needs and appropriate service delivery. Strategic planning tools such as the OneHealth tool, recently developed by the UN inter-agency working group on costing can help in development of such costed plans. [49] Efforts should be made to improve our estimates of programme activity costs for adolescent friendly health services and ensure that available health sector planning tools include activities to improve adolescent health. 
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